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STENT WITH REDUCED PROFILE 



BACKGROUND 

This invention relates to a radially expandable stent having a reduced 
profile in the unexpanded state. 

Surgical stents have long been known which can be surgically 
implanted into a body lumen, such as an artery, to reinforce, support, repair or 
otherwise enhance the performance of the lumen. For instance, in 
cardiovascular surgery it is often desirable to place a stent in the coronary 
artery at a location where the artery is damaged or is susceptible to collapse. 
The stent, once in place, reinforces that portion of the artery allowing normal 
blood flow to occur through the artery. One form of stent which is particularly 
desirable for implantation in arteries and other body lumens is a cylindrical 
stent which can be radially expanded from a first smaller diameter to a second 
larger diameter. Such radially expandable stents can be inserted into the 
artery by being located on a catheter and fed internally through the arterial 
pathways of the patient until the unexpanded stent is located where desired. 
The catheter is fitted with a balloon or other expansion mechanism which 
exerts a radial pressure outward on the stent causing the stent to expand 
radially to a larger diameter. Still other stents are self-expanding. Regardless 
of the expansion method, expandable stents exhibit sufficient rigidity after 
being expanded that they will remain expanded after the catheter has been 
removed. 

Radially expandable stents come in a variety of different configurations 
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to provide optimal performance in various different particular circumstances. 
For instance, the patents to Lau (U.S. Pat. Nos. 5,514,154, 5,421,955, and 
5,242,399), Baracci (U.S. Pat. No. 5,531,741), Gaterud (U.S. Pat. No. 
5,522,882), Gianturco (U.S. Pat Nos. 5,507,771 and 5,314,444), Termin (U.S. 
Pat. No. 5,496,277), Lane (U.S. Pat. No. 5,494,029), Maeda (U.S. Pat. No. 
5,507,767), Marin (U.S. Pat. No. 5,443,477), Khosravi (U.S. Pat. No. 
5,441,515), Jessen (U.S. Pat. No. 5,425,739), Hickle (U.S. Pat. No. 
5,139,480), Schatz (U.S. Pat. No. 5,195,984), Fordenbacher (U.S. Pat. No. 
5,549,662) and Wiktor (U.S. Pat. No. 5,133,732), each include some form of 
radially expandable stent for implantation into a body lumen. 

As the above listed patents demonstrate, a wide variety of stents are 
known in the prior art. Typically, stents are tube-shaped. Figures 1-3 show 
an example of a prior art stent. As shown, the prior art stents often comprise 
a plurality of cylindrical, serpentine rings joined by connecting members. For 
deployment, stents are usually compressed to a low profile and crimped onto 
a catheter, and advanced through tortuous passageways in a patient's body 
to be deployed into a blood vessel or other body lumen where they are 
radially expanded. 

Fig. 1 shows a prior art stent 10 mounted on a catheter device 14 in a 
pre-deployment configuration. Before insertion into a patient's body, the stent 
10 is placed over the expandable balloon 18 and crimped onto the balloon in 
order to form a reduced profile for insertion into the body through small 
diameter, tortuous-pathed arteries or other vessels or lumens within the body. 
In other prior art systems, a self-expanding stent may be utilized. Typically, 



the catheter device 14 is advanced through a patient's body by deploying a 
small guide wire (not shown) and advancing the catheter device over the 
guide wire to its final destination such as a partially blocked artery 22. The 
balloon 18 is then inflated by methods known in the art to expand the stent 
radially so that the stent abuts against the walls of the artery as shown in Fig. 
2. After deployment, the balloon is deflated, and the catheter device is 
removed from the patient's body. The stent 10 remains in the expanded 
configuration in the artery to hold the artery open and prevent further 
blockage. 

However, prior art stents typically have problems with their ability to be 
crimped to a low profile for deployment into an artery or blood vessel. This 
makes it difficult to deliver the stent to its deployment location inside a small 
diameter, tortuous pathed artery. Additionally, the configurations of the prior 
art stents typically lead to problems with high stresses at various portions of 
the stent when crimped. 

For example, Fig. 3 shows an enlarged view of the prior art stent 10 of 
Fig. 2 in an expanded configuration within an artery 22. The stent 10 utilizes 
a plurality of ring structures 24 interconnected by a plurality of generally 
straight connector members 26. In other prior art, the connector members 26 
may have curved portions, such as U, V, or W shaped portions. Each ring 
structure 24 comprises an endless pattern of unit structures 30. The unit 
structures 30 are made up of a repeated pattern of a plurality of struts 34 
joined together by bends or apexes 38. However, the configuration of the 
connector members 26 and bends 38 leads to increased stress in the stent 10 



at the bends when the stent is in a crimped configuration prior to expansion 
within an artery. In an effort to alleviate this problem, some prior art stents 
have used stress-relieving bends (or apexes), which have bends extending 
outwardly from the struts in a key-hole shape or other outwardly extending 
shape, to reduce bending stresses. However, in many prior art stents utilizing 
stress-relieving bends, in the crimped, non-expanded configuration the bends 
38 abut against each other thereby limiting how far the stent 10 may be 
crimped. As a result, it is more difficult to deliver these stents to their 
deployment location inside a vessel due to their enlarged profile. 

What is needed is a stent which can be crimped to a reduced profile 
with reduced stress on the stent, while maintaining the strength and flexibility 
of the stent so that it can be advanced through the narrow passageways 
present in a patient's body and then expanded to dilate and/or 
circumferentially support the vessel wall. The present invention satisfies 
these and other needs. 

SUMMARY 

It is in an object of the invention to provide an expandable stent which 
can be crimped to a reduced profile with reduced stress in the stent, while 
maintaining the strength and flexibility of the stent so that it can be advanced 
through the narrow passageways present in a patient's body and then 
expanded to dilate and/or circumferentially support the vessel wall. 

In one aspect, an expandable stent comprises a plurality of serpentine 
ring structures. Each of the ring structures comprises at least one unit 



structure. The unit structure comprises a plurality of bends at least some of 
which are key-hole shaped and positioned in a staggered arrangement to 
avoid abutment of the key-hole shaped bends against one another when the 
stent is in an unexpanded state. In addition, the unit structure comprises a 
plurality of strut members, wherein each of the key-hole shaped bends has a 
first end connected to one of the strut members and a second end connected 
to another of the strut members. In differing embodiments, the unit structure 
may comprise varying configurations. At least one connector member joins 
two of the ring structures. The connector member has a first end joined to a 
peak of one of the bends of one of the two ring structures and a second end 
joined to a peak of one of the bends of the other of the two ring structures. 

In another aspect, an expandable stent comprises a plurality of 
cylindrical, serpentine ring structures. Each of the ring structures comprises 
an endless pattern of unit structures. Each of the unit structures comprises a 
plurality of strut members and a plurality of bends, at least some of which are 
key-hole shaped and positioned in a staggered arrangement to avoid 
abutment of the key-hole shaped bends against one another when the stent is 
in an unexpanded state. Each of the plurality of bends communicates with 
two of the plurality of strut members. At least two of the unit structures are 
adjacent and joined together by first and second tie-bars. The plurality of strut 
members and plurality of bends of the at least two adjacent unit structures are 
disposed substantially between the first and second substantially straight tie- 
bars. Further included is at least one connector member having a curved 
portion joining two of the ring structures. The connector member has a first 



end joined to a peak of one of the bends of one of the two ring structures and 
a second end joined to a peak of one of the bends of the other of the two ring 
structures. 

In yet another aspect, a method of deploying a stent comprises 
providing an expandable stent. The stent comprises a plurality of serpentine 
ring structures. Each of the ring structures comprises at least one unit 
structure. The unit structure comprises a plurality of bends at least some of 
which are key-hole shaped, a plurality of strut members, and at least one 
connector member joining two of the ring structures. Each of the bends has a 
first end connected to one of the strut members and a second end connected 
to another of the strut members. In other embodiments, the unit structure 
may comprise different configurations. The connector member has a first end 
joined to a peak of one of the bends of one of the two ring structures and a 
second end joined to a peak of one of the bends of the other of the two ring 
structures. The stent is crimped to a pre-deployment configuration in which 
the stent is in an unexpanded state and the key-hole shaped bends are 
positioned in a staggered arrangement to avoid abutment of the key-hole 
shaped bends against one another. Next, the stent is delivered into a 
patient's body to a desired deployment site. The stent is then expanded. 

The expandable stent of the invention allows the stent to be crimped 
(collapsed, restrained) to a reduced profile with reduced stress in the stent, 
while maintaining the strength and flexibility of the stent so that it can be 
advanced through narrow passageways in a patient's body and expanded to 
support a vessel wall. 




The present invention, together with further objects and advantages, 
will be best understood by reference to the following detailed description 
taken in conjunction with the accompanying drawings. 
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BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS 

Figure 1 is a partial view of a prior art stent mounted on a catheter 
device in a pre-deployment configuration. 

Figure 2 is a partial view of the prior art stent of Fig. 1 expanded within 
an artery. 

Figure 3 is an enlarged partial view of the prior art stent of Fig. 2 in an 
expanded configuration within an artery. 

Figure 4 is a partial plan view of a preferred embodiment of the stent of 
the present invention in a partially expanded configuration. 

Figure 5 is a partial plan view of the unit structure of the stent of Fig. 4 
in an unexpanded configuration. 

Figure 6 is a partial plan view of the unit structure of another 
embodiment of the stent of the present invention in a partially expanded 
configuration. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The following description of preferred embodiments of the invention 
provides examples of the present invention. The embodiments discussed 
herein are merely exemplary in nature, and are not intended to limit the scope 
of the invention in any manner. Rather, the description of these preferred 
embodiments serves to enable a person of ordinary skill in the art to make 
and use the present invention. 

As shown in the drawings for purposes of illustration, the present 
invention is directed to a low profile, reduced stress, radially expandable stent. 
The invention is applicable to stents having different types of configurations 
and different deployment systems, such as self-expanding or balloon 
expandable systems as known in the art. 

The present invention solves some of the problems of the prior art by 
providing a stent which can be crimped (collapsed, restrained) in an 
unexpanded state to a lower profile in a configuration placing reduced stress 
in the stent, while maintaining the strength and flexibility of the stent so that it 
can be advanced through the narrow passageways present in a patient's body 
and then expanded to dilate and/or circumferentially support the vessel wall. 
Preferably, the stent of the present invention is delivered into the patient's 
body by advancing a catheter device over a guide wire. 

Fig. 4 illustrates a stent 10 in a slightly expanded configuration 
according to a preferred embodiment of the invention. The stent 10 
comprises a plurality of serpentine (zig-zag or undulating) ring structures 24 
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interconnected by a plurality of connector members 48. Each ring structure 
24 is a substantially circular ring comprising an endless pattern of unit 
structures 30. The unit structure 30 represents a specific configuration of the 
wire members, including the struts and bends. 

Preferably, as illustrated in Fig. 4, some adjacent unit structures 30 of 
adjacent ring structures 24 are connected together by first and second tie- 
bars 56 and 60. The repeated unit structure 30 of each ring structure 24 
preferably comprises first and second struts 64 and 68 joined together by a 
first key-hole shaped bend 72, a third strut 76 joined to the second strut 68 by 
a second key-hole shaped bend 80, and a fourth strut 84 joined with the third 
strut 76 by a third key-hole shaped bend 88. In other embodiments the unit 
structure 30 may include a different number of struts and bends in varying 
configurations. The term "key-hole shaped bend" simply denotes that the 
bend is expanded or bulbous. In some embodiments, a "key-hole shaped 
bend" may be expanded in a key-hole shape, but in other embodiments it may 
be expanded in configurations other than a key-hole shape. This expansion 
reduces stresses in the region of the bend and provides the connected struts 
with greater expansion potential. The first strut 64 is the shortest strut, while 
the third strut 76 is the longest strut. The second strut 68 and fourth strut 84 
are similar in length. In other embodiments, varying lengths may be used for 
the struts. The first key-hole shaped bend 72 is disposed axially apart from 
the third key-hole shaped bend 88 by a distance d. This distance d between 
the first and third key-hole shaped bends 72 and 88 prevents the bends from 
abutting against each other and allows the stent to be crimped down more 
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than it would if the bends were aligned. As a result, the stent profile can be 
made smaller and the stent more easily inserted into a small, tortuous-pathed 
vessel. 

The struts and bends of the unit structure 30 preferably form repeated 
U or V shapes 124, but in other embodiments may be in other configurations. 
The U or V shapes 124 provide many advantages, such as being easily 
repeated around the circumference of the ring structures 24. Additionally, the 
U or V shapes 124 facilitate the staggered arrangement of bends. Another 
advantage of using the U or V shapes 124 is the availability of central 
attachment points for connecting members, as is more fully described below. 

The ring structures 24 are interconnected to form the stent 10 by a 
plurality of connector members 48. As illustrated in Fig. 4, each connector 
member 48 joins first and second ring structures 24 and is preferably 
disposed between two adjacent unit structures 30. Each connector member 
48 has a first end 132 and a second end 136. The first end 132 of each 
connector member 48 is joined to a peak 140 of the second bend 80 of each 
unit structure 30 on one ring structure 24. The second end 136 of each 
connector member 48 is joined to a peak 144 of the second bend 80 of an 
adjacent unit structure 30 on an adjacent ring structure 24. In other 
embodiments, varying configurations may be used to join the adjacent unit 
structures 30 of the ring structures 24 with the connector members 48. For 
example, the connector members 48 may join adjacent first bends 72 of 
adjacent unit structures 30 on separate ring structures 24, or may join 
adjacent third bends 88 of adjacent unit structures 30 on separate ring 
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structures 24. As illustrated in Fig. 4, it is preferable that each unit structure 
30 of each ring structure 24 is connected to two connector members 48. In 
other embodiments, a varying number of connector members 48 may be used 
to join each ring structure 24. 

In addition to the first and second ends 132 and 136, each connector 
member 48 also includes an undulating portion 148. The undulating portion 
148 provides longitudinal flexibility and makes the stent 10 more flexible to 
bend during delivery. A variety of configurations can be used for the 
undulating portion 148, such as U, V, W, or Z shapes. The connector 
segments shown in Fig. 4 illustrate a preferred configuration for the undulating 
portions 148. In this preferred embodiment, each undulating portion 148 
comprises an inverted "V" shape 152 made up of first and second legs 156 
and 160. This configuration simplifies manufacture while providing the 
desired undulating portion 148 that confers axial flexibility onto the stent 10. 

As illustrated in Fig. 4, it is preferable that the undulating portion 148 be 
positioned in the space 162 between each ring structure 24 without being 
overlapped by any of the tie-bars 56 and 60, struts 64, 68, 76, and 84, or 
bends 72, 80, and 88 of the adjacent unit structures 30. This allows the 
maximum possible flexibility of the undulating portion 148 by avoiding any 
potential abutment against the undulating portion 148. This configuration 
provides the desired axial flexibility while maintaining radial strength of the 
stent 10. Also, this configuration facilitates manufacturing due to the use of 
aligned portions. In other embodiments the undulating portion 148 may 
overlap the above-referenced members. 
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As illustrated in Fig. 4, adjacent ring structures 24 are preferably 
radially aligned with each other. That is, adjacent ring structures 24 are 
preferably aligned such that axially adjacent unit structures 30 lie in 
complementary position relative to each other. Particularly preferable, all ring 
structures 24 of the stent 10 are radially aligned in this manner. However, 
other configurations may be used including staggered adjacent ring structures 
24. As shown, it is preferable that the connector members 48 joining adjacent 
ring structures 24 are in circumferential alignment relative to one another. 
This preferred arrangement arises due to the uniformity of the "V" shaped 
connecting members 48 and unit structures 30, all arranged in alignment with 
one another. This arrangement maintains the desired axial flexibility while 
also contributing to the radial strength of the stent 10 and facilitating 
manufacturing. In other embodiments, the connector members 48 joining 
adjacent ring structures 24 may be circumferentially displaced relative to one 
another. 

The stent 10 is an expandable stent having radially unexpanded and 
expanded configurations. Also, the stent 10 can be either a self-expanding 
stent, such as one fabricated from a shape memory material such as Nitinol, 
or a balloon expandable stent. Figure 5 illustrates the stent 10 of Figure 4 in 
its radially unexpanded configuration. In this configuration, which is 
conventionally used to minimize the radial dimension of the stent in order to 
facilitate placement into and navigation through a narrow body vessel, the 
connector members 48 are preferably arranged in the circumferentially 
aligned manner as shown and described above. As shown, the staggered 
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arrangement of the first, second, and third key-hole shaped bends 72, 80, and 
88, effectively prevents each of the respective bends from abutting against 
one another when the stent is in its radially unexpanded configuration. As a 
result, the stent 10 is crimped to a lower profile, and the lower profile aids in 
the delivery of the stent through small diameter, tortuous pathed vessels. 

Figure 6 illustrates a stent 10 according to another embodiment of the 
present invention. In this embodiment the stent 10 includes a modified unit 
structure 30. The remainder of the stent, including the ring structure 24 is 
preferably the same as described above for the preferred embodiment. In this 
embodiment, the unit structure 30 is modified to include six struts 164 and five 
key-hole shaped bends 168 in a staggered arrangement. In other 
embodiments, the unit structure may be modified to include a varying number 
of struts, and key-hole shaped bends in staggered arrangement. 

Stents according to the present invention can be fabricated by any 
suitable process known in the art. The fabrication process need only be able 
to produce the ring architecture and connector segments of the invention. For 
self-expanding stents, a thread of suitable material can be weaved and/or 
configured into appropriate form, or the stent may be laser cut out of a tube of 
appropriate material. For balloon-expanded stents, the stent is preferably 
fabricated from an initially solid tube of appropriate material by etching or 
cutting away unused portions to leave a stent with the desired pattern. 

The stent can also be fabricated from any suitable material. The 
material need only be medically acceptable, i.e., biocompatible, and provide 
the desired longitudinal flexibility and radial strength. Examples of suitable 
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materials include shape memory alloys, such as Nitinol, stainless steel, 
cobalt-chrome alloys, and amorphous metal alloys. 

Although the present invention has been described with reference to 
preferred embodiments, those skilled in the art will recognize that changes 
5 may be made in form and detail without departing from the spirit and scope of 

the invention. As such, it is intended that the foregoing detailed description be 
regarded as illustrative rather than limiting and that the appended claims, 
including all equivalents thereof, are intended to define the scope of the 
invention. 
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